has a maximum of 30% error for the duration of the waggle phase. In this study, when concentric 1 4 0 circles with semidiameters of 30% from two centroid locations of two clusters (that were at different 1 4 1 distances in the same direction from the hive) overlapped, these two clusters were defined as one 1 4 2 cluster.
4 3
Following these clustering and error corrections, the cluster locations were used to compare the We used the software R version 3.3.1 for statistical analyses. Significant differences in the duration 1 4 9
per trip just before and just after different types of waggle dance-related behaviors were tested using 1 5 0 9 the Wilcoxon signed-rank test. The trip duration among three phases after the imaginal molt was 1 5 1 tested using the Steel-Dwass test. How soon do waggle dance-related behaviors appear after the imaginal molt? The 100 honeybees were marked by numbered RFID tags and we calculated the number of waggle dance-related
behaviors that emerged every day after the imaginal molt. Of the 100 RFID-tagged honeybees, 14
were traced until the first waggle dance. After the imaginal molt, the tagged honeybees started to go 1 5 9 out on short round trips, less than 8 min per trip from 4 days of age ( Fig. 2A) . Most honeybees (n = 1 6 0 7) performed these short trips a few times per day; some honeybees performed the trips more than 1 6 1 six times per day during the first week after the imaginal molt (n = 2). During this period, the 1 6 2 honeybees performed trophallaxis (Fig. 2B ) and tremble dances (Fig. 2C ), but did not follow waggle 1 6 3 dances after encountering them (Fig. 2D) . One week after the imaginal molt, the tagged honeybees 1 6 4 began to follow the waggle dance from 8 days of age ( Fig. 2E and F ) and performed their own waggle dance from 12 days of age ( Fig. 2G and H ). This suggests that dance follow precedes the 1 6 6 waggle dance. We evaluated whether there was a common order of appearance of waggle 1 6 7 dance-related behaviors among individuals. Waggle dance follow or one-cycle follow preceded the 1 6 8 expression of the waggle dance in all individuals (Fig. 3A) . Waggle dance follow and one-cycle 1 6 9 1 0 follow were observed from 7 or 8 days of age and the waggle dance from 12 days of age. Individuals 1 7 0 differed in the age at which the first waggle dance appeared (12 to 22 days of age, Fig. 3A ). The interval from the first follow to the first waggle dance also differed among individuals. The shortest 1 7 2 difference between the first follow and the first waggle dance was less than 1 day (Nos. 02 and 47); What happens during the period from the first follow to the first waggle dance? We investigated the number of waggle dances each RFID-tagged bee followed and the number of locations indicated by the waggle dance during this period. The duration between the first follow and the first waggle dance was positively correlated with the number of waggle dances the bee followed (correlation locations indicated by waggle dances (correlation coefficient: 0.44). This suggested that the 1 8 0 honeybees repeatedly followed waggle dances that indicated a small number of food sources (2-6 1 8 1 types of food source) during the period from the first follow to the first waggle dance (Fig. 3B ). whereas on the 17th trip the duration substantially increased to 17 min. Subsequently, the duration significantly greater than the trip duration after follow (p < 0.01, n = 9, Wilcoxon signed-rank test); 1 8 9 however, there were no significant differences for one-cycle follow (p = 0.125, n = 5) and waggle Comparison of the dance developmental process in recruits and scouts
To examine differences in the dance developmental process in recruits and scouts, we investigated waggle dance that the marked honeybee followed as the received vector. If the sending vectors and the received vectors were in the same cluster, we assumed that the honeybee foraged using the information from received vectors and categorized the honeybee as a recruit (Fig. 5A) . If the sending 1 9 9
vectors and the received vectors were not in the same cluster, we assumed that the honeybee foraged 2 0 0 without using information from received vectors and categorized the honeybee as a scout (Fig. 5B ).
0 1
Of 14 RFID-tagged honeybees, 11 were categorized as recruits (Nos. 02, 24, 29, 34, 57, 65, 70, 88,  while exploring the location indicated by the received vector.
0 6
We investigated the duration per trip before and after the appearance of follow and the waggle follow on the 9th day of age, the duration per trip was still less than 7 min. After several follows 2 1 0 from the 11th to 12th day of age, the duration had increased remarkably to more than 20 min and on 2 1 1 the 13th day of age the honeybee performed the first waggle dance (Fig. 6A ). No. 29 followed nine 2 1 2 waggle dances that were in the same cluster as the sending vector. The first follow was on the 10th 2 1 3 day of age and on the 11th day of age the duration increased to more than 10 min. From the 13th day of age, the honeybee repeatedly followed waggle dances that were in the same cluster as the sending vector and flew out on trips. Finally, on the 14th day of age, the honeybee performed the first waggle For recruits, the duration per trip significantly increased after the follows (p < 0.01, n = 10,
Wilcoxon signed-rank test, Fig. 6D-1) . These results suggest that in recruits, waggle dance follow 2 1 9 activates potential foraging trips and the bee uses the received vectors to explore the flowers. In 2 2 0 contrast, the scout No. 05 made short trips of less than 5 min. On the 15th day of age, the honeybee 2 2 1 followed only one waggle phase several times; however, the subsequent duration per trip did not 2 2 2 increase substantially (Fig. 6C) . The trip duration did not significantly increase after follows (p > 2 2 3 0.01, n = 2, Wilcoxon signed-rank test, Fig. 6D-2 ). This suggested that in scouts, waggle dance 2 2 4 follow did not activate trips.
5
We divided the period from the imaginal molt to the first waggle dance of recruits (Nos. 24, 29, 57, 2 2 6 1 3 65, 70, 93) into Phases I, II, and III (Fig. 7A ) and compared the duration per trip among these phases.
7
There was a significant increase in the duration per trip after the first follow compared with before 2 2 8 the first follow (Phases I vs. II, p < 0.01, n = 6, Steel-Dwass, Fig. 7B) . Moreover, the duration per 2 2 9 trip during Phase III (the period from the last follow to the first waggle dance) increased significantly 2 3 0 more than during the other two phases (both Phases I vs. III and Phases II vs. III; p < 0.001, n = 6, 2 3 1 Steel-Dwass, Fig. 7B ). This suggested that trip duration was affected by follow and, just before the 2 3 2 first waggle dance, affected by repeatedly following waggle dances that indicated the same received Recruits repeatedly followed waggle dances that indicated the same vector (the maximum was 12 2 3 5 times among 10 recruits). This suggested that recruits selectively followed waggle dances indicating 2 3 6 a specific vector. During a waggle dance, the dancer often repeats waggle phases that indicate a 2 3 7 similar vector. Are there any differences in the number of follows per waggle dance between a 2 3 8 selected waggle dance and other dances? We measured the number of waggle phases that recruits 2 3 9 followed during a waggle dance and compared them for two types of received vectors: received 2 4 0 vectors that were in the same cluster as the sending vector (type I follow; dotted circle in Fig. 8A )
and received vectors that were not in the same cluster as the sending vector (type II follow; solid 2 4 2 circle in Fig. 8A ). There were significantly more type I follow vectors than type II follow vectors (p 2 4 3 < 0.05, n = 10, Wilcoxon signed-rank test, Fig. 8B ). This suggested that recruits repeatedly followed 2 4 4 waggle dances that indicated a specific vector and the first waggle dance indicated this vector. Can scouts convert into recruits (and vice versa)? We followed up the subsequent waggle dance 2 4 6 history after the appearance of the first waggle dance. Of the 14 observed honeybees, 9 performed 2 4 7 waggle dances after the first waggle dance (the other 5 bees either did not perform waggle dances or 2 4 8 did perform waggle dances but could not be identified as recruits or scouts because the location 2 4 9 indicated by the waggle dance was close to the other type's cluster). We discriminated between the Eight of nine bees (Nos. 02, 24, 57, 65, 70, 88, 89, 93) were recruits on the first waggle dance. The location indicated by the first waggle dance of No. 70 was #7 in cluster I (Fig. 9B) ; subsequently, No. then disappeared, so we could not observe subsequent waggle dances. explore food sources (von Frisch 1965; Mautz 1971; Bozic and Valentincic 1991; Judd, 1995) . In this 3 0 3 study, the trip duration just after follow was longer than just before follow. This indicates that the 3 0 4 waggle dance activated the foraging of hive mates (von Frisch, 1967) . Research shows that a waggle 3 0 5 dance-mimicking robot can recruit dance followers to foraging sites (Michelsen, 1993) . Therefore, 3 0 6 the evidence suggests that waggle dance follows activate foraging, resulting in longer trips. Of the 14 bees observed in this study, 10 were categorized as recruits and 3 as novice scouts. Lindauer (1952) found that 8% of novice foragers were scouts (13/159 novice foragers), whereas 3 1 1 14% of novice foragers in this study (2/14) were scouts. We successfully observed the behaviors of honeybees from the imaginal molt and differentiated between novice scouts and recruit-experienced 3 1 3 scouts. Our behavioral analyses also suggested that, on the days after the first waggle dance, some population of scouts in experienced foragers was higher than in novice foragers. We found that some 3 1 6 recruits became recruit-experienced scouts on the day after the first waggle dance (Fig. 9B) . What are the key factors that differentiate between recruits and novice scouts? To investigate this, we compared the development of the waggle dance in recruits and novice scouts. Before the first 3 1 9 appearance of the waggle dance, recruits repeatedly followed waggle dances and then made trips of 3 2 0 more than 10 min ( Fig. 6A and B) . Honeybees that have failed to forage successfully tend to follow 3 2 1
